The most sensitive parts of stone fruits during winter are the flower buds. Freezing of flower buds is regarded as one of the most significant causes of damage to stone fruits in winter. It has become more important to increase winter hardiness of plum flower buds to ensure stable and high yields in changing climate conditions. One of the major factors ensuring winter hardiness is compatibility between rootstock and graft. The lack of appropriate plum rootstocks in Latvia and Estonia has caused the necessity to investigate several West European rootstocks, which are known to ensure high quality yields.
The issue of the influence of rootstock on winter-hardiness of plum (Prunus × rossica Erem.) tree flower buds in the Baltic region is becoming important. The choice of rootstock is the main precondition for obtaining a high yielding and sustainable plum orchard. Freezing of flower buds is one of the most significant damages in winter for stone fruits. The aim of the investigation was to determine the relationship between concentration of dry matter and reducing sugars in annual shoots during winter and wintering ability of trees. The dynamics of reducing sugar concentration in one-year-old shoots during winter was investigated during two successive seasons in two locations. Orchards were planted in 2001 in Latvia and in Estonia. The well-known plum cultivar 'Kubanskaya Kometa' (Prunus rossica Erem.) was grafted on eight clonal rootstocks
and eight generative propagated rootstocks ('St. Julien INRA 2', 'St. Julien d'Orleans', 'St. Julien Noir', 'Brompton', 'Wangenheims Zwetsche', 'St. Julien Wädenswill', 'Myrobalan' and Prunus cerasifera var. divaricate) . Shoot samples were harvested two times during winter -at the end of January and at the end of March. Dry matter concentration (mg·g -1 ) and the concentration of reducing sugars (mg·g -1 DM) by Fehling's solution method was determined. Tree flowering intensity was scored using a scale from 1 to 5, where 1 = no flowers and 5 = abundant flowering. Dry matter concentration in plum shoots varied among rootstocks, years and growing location. In Pûre, Latvia, the largest differences in dry matter concentration were found for trees grafted on 'St. Julien INRA2' (in 2011 -2012 and 'Brompton' cuttings (in 2012 'Brompton' cuttings (in -2013 but in Polli, Estonia for trees grafted on G5/22 (in 2011-2012) and 'Myrobalan' (in 2012 'Myrobalan' (in -2013 The most popular rootstock for plums in Latvia and Estonia is Caucasian plum (Prunus cerasifera Ehrh. var. divaricata C. K. Schreid). It does not ensure the requirements of intensive orchards due to its excessive vigour Rozpara et al., 2010; Markuszewski and Kopytowski, 2013) and incompatibility with some European cultivars (Lepsis et al., 2004) . Fluctuation of dry matter concentration in trees during winter is one of the factors that characterise compatibility between rootstock and cultivar (Dekena et al., 2013) and scion winter cold resistance (Snyder and De Melo-Abreu, 2005) . Winter hardiness is also related to the water concentration in plant shoots (Snyder and De Melo-Abreu, 2005) . Differences in dry matter concentration occur in cultivars grafted on different rootstocks, as well as between rootstocks (Gaudillere et al., 1992) . Rootstock vigour affects on the concentration of carbohydrates in the trees (Weibel et al., 2011) . In the investigations in Pûre, it was found that fluctuation of dry matter concentration in shoots of plum cultivar 'Victoria' differed between trees grafted on different rootstocks (Dekena et al., 2013) .
Carbohydrates produced in the leaves of trees are transferred to shoots, fruits, roots and other parts, and then utilised for growth of various organs. Any excess amount of carbohydrates is stored and used for the initial growth of shoots in the spring (Yoshioka et al., 1988; Weibel et al., 2011) . Concentration of different carbohydrates in shoots plays a significant role in tree winter hardiness . Soluble carbohydrates are protecting substances during winter. Significant increase of concentration of carbohydrates occurs with decrease of air temperature, starting already during autumn (Ashworth et al., 1993) . With a progressive decrease in temperature, starch is gradually converted into sugars. A higher sugar concentration promotes cell hardiness in stress conditions and influences tree cold resistance. The sugar ratio can fluctuate during winter (Morin et al., 2007) .
The aim of the study was to determine the relationship between concentration of reducing sugars and dry matter in the annual shoots during winter and flowering intensity in spring. Concentration of dry matter and reducing sugars in shoots was determined during two winter seasons (2011-2012 and 2012-2013) . Five full-length annual shoot samples per plot were randomly taken twice during winter -at the end of January and at the end of March. Samples were analysed in the laboratory of Latvia University of Life Sciences and Technologies. Shoots were weighed and dried in a ventilated drying oven at 60°C for 72 hours until constant weight was reached. Dry matter (DM) concentration was expressed as mg·g -1 fresh weight. Reducing sugars concentration was determined by Fehling's solution method and expressed as mg·g -1 DM (Pleshkov, 1976) . The winter in 2011-2012 had a warm December, and was followed by a cold period at the end of January when air temperature decreased to -20°C in both locations. February was cold, when in Polli temperature dropped below -30°C. Data were analysed using descriptive statistics, ANOVA and Pearson correlation. Differences between the means were tested by the least significant difference (LSD) at significance level 95%.
MATERIALS AND METHODS

Plum
RESULTS
Dry matter concentration in shoots in winter 2011-2012 in Pûre was higher in January than in in March (Table 1) . This means that water concentration in annual shoots was relatively low in January, which can be explained by the relatively high air temperature in December. The smallest difference between dry matter concentration in January and March in Pûre was observed for trees grafted on 'Myrobalan' (477-483 mg·g -1 ), 'Hamyra' (507-500 mg·g -1 ) and 'Brompton' cuttings (513-502 mg·g -1 ). The widest differences in dry matter concentration during winter of 2011-2012 occurred in trees grafted on 'St. Julien INRA 2' (536-500 mg·g -1 ) and G5/22 (537-505 mg·g -1 ).
Significant correlation was not observed (r yx = 0.38, n = 16 in January and r yx = 0.46, n = 16 in) between dry matter concentration and flowering intensity in March in Pûre for both years.
In 2012-2013, the difference in dry matter concentration in shoots between January and March in Pûre was not large (Table 2 ). The highest concentration of dry matter was observed in shoots from trees grafted on 'St. Julien Noir' (548-539 mg·g -1 ). In shoots from trees grafted on 'Brompton' cuttings, dry matter concentration in January was 523 mg·g -1 , which dropped to 475 mg·g -1 at the end of
March. This large change is difficult to explain. Flowering intensity on trees grafted on 'Brompton' cuttings (1.6 score) was also lower in spring of 2013 (Table 2 ). This winter was characterised by stable low temperature until April (Fig. 1) . In general, in 2013 there were significant differences in tree flowering intensity for trees grafted on different rootstocks.
It was observed that trees grafted on different rootstocks reacted in different way to temperature fluctuations during the two winters. The highest flowering intensity was observed for trees grafted on 'Ackermann', 'St. Julien INRA 2', GF 8/1and 'Wangenheims Zwetsche'. The lowest flowering intensity and lowest dry matter concentration in March was observed for trees on 'Brompton' cuttings, 'St. Julien Noir', 'St. Julien A' and P. cerasifera. It is clear that rootstocks caused different reaction to temperature fluctuations during winter, shown by differences in DM concentration in the two years in shoots grafted on different rootstocks in Polli. Both minimal and maximal temperatures in Polli were lower than in Pûre. In the winter of 2011-2012, dry matter concentration in the annual shoots was higher in January and lower in March in shoots of trees grafted on all rootstocks, except on 'St. Julien A', where higher dry matter concentration was observed in March ( Table 3 ). There were lower differences in dry matter concentration between January and March in winter of 2011-2012. The largest differences in dry matter concentration were observed for trees grafted on G 5/22 (536 mg·g -1 in January and 489 mg·g -1 in March). Also, the lowest flowering intensity in this year was observed for trees grafted on G 5/22.
In winter of 2012-2013 the dry matter concentration in March for the large part of rootstocks was higher than in January (Table 4 ) but in general it was higher than in 2011-2012. This can be explained by the reaction of trees on lower air temperature. The highest dry matter concentration was observed for trees grafted on 'St. Julien INRA 2' (520 mg·g -1 in January and 540 mg·g -1 in March) and 'Myrobalan' (587 mg·g -1 in January and 493 mg·g -1 in March).
Flowering intensity in 2013 in Polli differed between trees grafted on different rootstocks -there was no flowering for shoots grafted on 'St. Julien INRA 2'. Very low flowering intensity was observed for shoots on 'Hamyra', P. cerasifera and 'GF 8/1'.
A significant correlation (r yx = 0.18, n = 16 in January and r yx = 0.28, n = 16 in March) between the amount of reducing sugars in the annual shoots and flowering intensity was not found in Pûre for trees grafted on different rootstocks (Moing et al., 1994) have a higher concentration of sugar. As cultivar 'Kubanskaya Kometa' develops a lot of generative buds on the annual shoots, the estimated sugar concentration in the wooden part of shoots may be over-or under-estimated by the contribution of the sugar concentration in buds growing on the shoots.
In winter of 2012-2013, the highest amount of reducing sugars in Pûre was detected in the shoots of trees grafted on 'Brompton' cuttings, which had the lowest flowering intensity (Table 4 ). This contradicts the previous hypothesis, but confirms that factors other the amount of reducing sugars affect the flowering intensity, e.g., rootstock/cultivar compatibility.
Higher differences in the amounts of reducing sugars were observed between January and March in Polli during both winters, which can be explained by the lower temperature during winter in Polli compared to Pûre.
One of the most stable rootstock/graft combinations in the trials was using GF655/2 as rootstock, where dry matter concentration was between 491-525 mg·g -1, , reducing sugar concentration was 37.5-49.2 mg·g -1 , and the flowering intensity score was between 2.5 and 4.
DISCUSSION
The highest dry matter concentration in Pûre was occurred at the end of January, when the air temperature had dropped to -22.5°C. According to literature, the amount of associated water increases and free water decreases with decreasing air temperature, and more winter hardy cultivars have a higher amount of associated water and lower dry matter concentration .
Evaluation of flowering intensity of 'Kubanskaya Kometa' during the spring of 2012 did not show significant differences between rootstocks, since flowering was generally low on all rootstocks (Dçíena et al., 2013) .
Summarising the data obtained in Pûre for both winter periods, we did not observe that a higher concentration of reducing sugars in the annual shoots during the coldest period was associated with more intense flowering. The lack of correlation between the concentration of reducing sugars and bud winter hardiness has been observed also by others, but this does not indicate that sugars concentration has no effect on the winter hardiness of buds, as it is only one of the factors influencing the tree resistance in the stress conditions (Tyurina et al., 2000) .
The higher concentration of reducing sugars in samples of trees grafted on the rootstocks was observed in January 2012. It decreased in March in both winters, in both locations. However, in 2013 in Polli the concentration of reducing sugars in March increased. This can be explained by the lower air temperature in the March, which promotes increase of concentration of sugars in the trees (Ashworth et al., 1993; Tyurina et al., 2000) .
CONCLUSIONS
The differences in dry matter concentration in plum shoots varied among rootstocks, years and growing locations. In Pûre, Latvia, the largest differences in dry matter concentration were observed for trees grafted on 'St. Julien INRA2' (in 2011 INRA2' (in -2012 and 'Brompton' cuttings (in 2012 'Brompton' cuttings (in -2013 but in Polli, Estonia for trees grafted on G5/22 (in 2011-2012) and 'Myrobalan' (in 2012 'Myrobalan' (in -2013 .
Rootstocks with lower variation of reducing sugars concentration during winter had a tendency for higher flowering intensity. The most stable reducing sugars concentration and the highest flowering intensity was observed for rootstocks 'St. Julien INRA 2', 'St. Julien Wädenswill' and GF 655/2.
A higher concentration of reducing sugars in annual shoots of plums during the coldest period was not significantly associated with more intense flowering.
